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I. INTRODUCTIOI
A) Cell Populations and Renewal
Growth and development of all types of organisms depend on
cell division. As a practical consideration, cell proliferation is
best identified with the phenomenon of mitosis. However, mitosis is
actually a discrete event in which one cell divides into two daughter
cells. Cell proliferation encompasses the overall dynamics of a cell
in passing from its initial resting state through the entire division
procedure, including its interaction with the remaining cell
population. It is therefore better to equate growth with the mitotic•
activity at a given time within a tissue. A cell must pass through a
series of synthetic steps before it can replicate, and it is equally
proper to relate proliferation to activity levels in stages other than
mitosis (Lehmiller, 1971). The chain of events which a cell passes
through while proceeding toward division has been termed the cell
cycle.
There are five stages in the life cycle of the typical
mammalian cell. The fully mature cell in Go is not committed to
division. A cell at Go decides to enter the mitotic cycle when it
receives a signal from exogenous or endogenous growth factors, it
first passes through a prereplicative period (Gl). G1 is a growth
phase preparatory to S. S is the phase in which synthesis of DNA and
replication of the chromosomes occur. G2 represents a phase in which
further protein synthesis takes place before mitosis can occur in H
phase. Following mitosis, the daughter cells may either re-enter the
cvcle immediately or become restina Go cells. Some cells are either
continually dividing or can divide in response to appropriate
stimulation. Many nonspecific stimuli such as proteolytic enzymes,
plant lectins, and changes in the ionic environment are capable of
eliciting renewed mitosis in cells that have grown to confluency in
cell culture.
It is generally recognized that the period of DNA synthesis (S
phase) and the post-DNA synthetic gap (G2 phase),as well as mitosis
and cell division periods are relatively invariable, in contrast to
the G1 phase. This implies that variations in the length of the cycle
are primarily regulated by the length of the G1 period. In the fast-
crrowinq cells the G1 phase may be lacking completely (Luckner, 1982).
Cells with long turnover times spend a large proportion of
their life in a resting state with respect to proliferation, the Go
state. In the Go state the cells can perform their specific
biochemical functions, and from this state they enter into the cell
cycle again if the appropriate extracellular signal is supplied.
The lymphocytes of human peripheral blood offer certain
notable advantages in studies of cell growth and division. These
derive from the normal iii vivo behaviour of small lymphocytes.
According to current evidence, the natural history of the major
portion of the peripheral blood lymphocyte population includes a
prolonged period during which the cells circulate through the blood
and lymphatic systems, but do not replicate their DNA or undergo
mitosis.
This prolonged resting state ends when the small lymphocyte
receives an appropriate immunological stimulus. The cell then
enlarges, assumes a primitive, blast-like appearance and usually
replicates its DNA. A series of several divisions may ensue. The exact
role of this stimulated lymphocyte in the immunological response is
not entirely clear, but it is virtually certain that cells of this
type participate in the homograft rejection type of immunity and that
they can produce immunoglobulins. It is also thought by some that
these cells play a role in the circulating antibody type of immune
response, and it has been suggested that under some conditions they
may differentiate into antibody-secreting plasma cells. Thus, it
appears that a normal activity of the lymphocyte is to remain
essentially dormant for long periods, and then abruptly to prepare
for, and undergo cell division in response to an appropriate stimulus
(Cooper, 1969). It is a great advantage in research that these changes
in growth can be followed entirely in vitro.
B) Mitogen and Co-mitogen
Interest in factors involved in growth control has led during
the past 20 years to the newly and actively developing field of growth
factors. Until 1970 identified growth factors were in limited number.
They were colony-stimulating factor and erythropoietin for the
hematopoietic system, nerve growth factor (NGF) for the peripheric
nervous system, and epidermal growth factor (EGF) for basal epithelial
cell layers. Since then, numerous growth factors acting at various
parts of the cell cycle and on various cell types have been
identified. Among these is fibroblast growth factor (FGF), present in
brain and pituitary tissue. Although its role in vivo remains to be
determined, it is likely that it will play an important role in wound-
healing processes as reflected by its ability to stimulate vascular
endothelial and smooth muscle cell proliferation both in vivo and in
vitro. In view of its mitogenic effect on a large number of tissues
derived from the primary and secondary mesenchyme as well as from
neurectoderm, it could also play a role in the developmental process
(Gospodarowicz, 1985).
EGF has been shown to be a potent mitogen for a variety of
cultured cells of ectodermal, mesodermal, and endodermal origin
(Carpenter et al., 1979). EGF markedly stimulates their proliferation
and leads to enhanced keratinization and squamae production. It also
delays the ultimate senescence of the cells, thereby increasing their
lifespan in culture (Rheinvald et al., 1977).
A growth factor may be defined as any substance that can
stimulate cells to divide or to increase in size. The kinds of growth
stimuli are remarkably diverse. Among them are sperm; a large number
of naturally occurring peptides and hormones delivered to cells by
endocrine secretion [EGF, vasopressin, insulin, angiotensin, and
progesterone (Horill et al., 1983, 1984; Cameron et al.,1984)], or
paracrine secretion [FGF, PDGF, NGF, bradykinin, EGF3, and perhaps
even by autocrine routes [FGF, PDGF3; purified [thrombin], unpurified
serum, and partially characterized blood-borne macromolecular proteins
[HGF (hepatccyte growth factor)]; plant lectins [Con A and PHA]; anti¬
immunoglobulin antibodies and chemical carcinogens [1,2-dimethylhydraz
inel(Hyam et al.,1985).
Lectins, a class of plant proteins or glycoproteins which bind
to specific sequences in oligosaccharides of cellular and
extracellular glycopeptides and glycoproteins, possess many
fascinating and important biological properties. For example they can




It is widely accepted that the lymphocyte is the cell
responsible for the specific recognition of, and response to, foreign
material entering a mammalian body. When such antigenic material is
introduced into the body, lymphocytes become activated into
lymphoblastoid cells. Lymphocytes separated from blood, lymph or
various lymphoid organs from a large number of species have all been
shown to respond, jji vitro, to antigenic challenge by blastogenesis,
characteristic morphological changes and mitosis (Ling,1968).
Lymphocytes are functionally heterogeneous. They may be divided into
two main types, namely thymus-derived or T lymphocytes and B
lymphocytes derived from bone marrow precursors which have not passed
through a stage of maturation in the thymus. The T lymphocytes
constitute the major sub-population( 70%) of peripheral blood
lymphocytes (PBL) of human and mice and probably most other species.
The bird's nest from the sea swiftlets is valued as an
upmarket tonic in traditional Chinese medicine. While the biological
effect of the bird's nest (SN) is basically unknown, by the same
token, the reason of its consumption other than its gastronomic
appeal, ijne aqueous extract of the bird's nest Was found to potentiate
the mitogenic response of human peripheral blood leukocytes
stimulated with concanavalin A (Con A) (Ng et al.,1986).
In order to study the mechanism of potentiation, further
purification and characterization of the mitogenic and co-mitogenic
principle from SN was required.
B) Materials and Methods
1) Preparation of Bird's Nest Extract and Fraction.
Intact bird's nests (Photo) were obtained from a principal
local supplier in Hong Kong who imported them from Indonesia. Dry
nests (100 g) were blended with a Braun blender and soaked with 10
volumes of distilled water. After warming up to 60°C for 2 hrs, the
whole preparation was kept at room temperature overnight. The
supernate was decanted and filtered through gauze and then filter
paper. The extraction was repeated twice. Fractionation scheme (Table
1) shows the procedure to obtain the sample for experimental use. SN
stands for a sample derived from aqueous extraction of the nest
material.
2) Mitogenic and Co-mitogenic Response on Human PEL
Heparinized cord blood was obtained from Prince of Wales
Hospital (PWH) and Queen Elizabeth Hospital (QE). Human PBL were
prepared according to Boyum (1968). 1.0x10 PBL cells in 0.1 ml
culture medium[ RPMI 1640(GIBCO) medium supplemented with 10% heat-
inactivated fetal calf serum (FCS) (GIBCO) and 1% antibiotics (GIBCO)
] were added to each well of a flat-bottomed 96-wells culture plate
(CORNING). The different fractions of nest extract were dissolved in
phosphate buffered saline (PBS) and filtered through Millipore filter.
Con A (0.05 ml) or other mitogens dissolved in culture medium was
added. The cultures were then labeled for 6 hrs with [methyl-
Large Fragments of Intact Indonesia Nest
Whole Nest from Northen Borneo( S n- 9 4-)
Table 1, Flow Chart showing Preparation of
Bird's Nest Extract for Bioassa
Indonesian Intact Bird's Nest (dry weight:100 g
extracted with distilled water
at 60°C water bath for 2 hrs
and stood overnight at room temp
CLEAR SUPERNATE (pH8.3) SWOLLEN DEBRIS
(wet vt.: 1 Kg
110 (150ml) 110 (150ml) 810 (1200ml)
0.5 Kg 0.5 Kg
(stock)
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•H] thymidine (Amersham [1 mCiml])[2.0 Cimmol] at 0.5 uCi per well.
The cells were harvested with a cell harvester (Dynatech,Automash
2000). The radioactivity was counted in a liquid scintillation counter
(Beckman).
3) Effect of SN on the Time Course of Potentiation of the Lectin-
induced Lymphoproliteration
lOOul of human PBL (1.0x10ml) were incubated for 24 hrs, 48
hrs, 72 hrs and 96 hrs with Con A only, SN-N3 only or Con A+ SN-N3,
and then pulsed, harvested and counted as mentioned previously [M M
2)).
4) Mitogenic and Co-mitogenic Response on Mouse Splenocytes
Mouse splenocytes were prepared from the excised spleen of
BALBc mouse bred in the University Animal House. The spleen was
passed through the mesh of a round wire gauze which was placed in a
petri-dish filled with culture medium. The cells suspended in the
culture medium were then collected in a 50 ml culture tube. After
centrifugation (1000 rpm, 10 minutes), the cells were washed with
plain medium (without FCS) for 2 times. In order to remove the
aggregation of debris among the cells, quick spinning method (up to
1000 rpm) was used. The supernate containing the splenocytes was
collected. After centrifugation, the cells were resuspended with
culture medium and seeded into 96-wells culture plate at a cell•
concentration of 5.0x10 in 0.1 ml. SN (50ul) in PBS and 50ul of Con
A in culture medium were added and then the cultures were incubated in
an atmosphere of 5% CO a at 37° C for 2 days. The cultures were then
labeled for 6 hrs with [methyl-3H]thymidine (2.0 Cimmol) at 0.5 uCi
each well. The cells were washed, harvested and the incorporated
radioactivity was counted.
5) Determination of Protein and Carbohydrate Contents
Protein contents of SN-N3 were determined by Bio-Rad Protein
Assay (Bradford, 1976) and read at 595 nm. The carbohydrate contents
of SN-N3 were determined by Anthrone Method and read at 630 nm.
Previous results from other batches analysed by Mrs. Tang were quoted
here as reference (Table III).
6) Determination of Salt Contents
Salt contents were determined by flame photometry using NaCl
and KC1 as standard.
C) Results
1) Co-mitogenic Effect of Aqueous Extracts and other Fractions of SN
As shown in Table II, the co-mitogenic activity is
exhaustively extracted by water (pH 8.3) because further extraction at
pH 10 yielded only 5.3% of total activity or- 10% by weight of the
total aqueous extract. Acetone can precipitate 62.8% of the total.
activity, or 60% by weight whereas ammonium sulfate can precipitate
56.4% of the total activity, or 38% by weight. But only 24.'8% of the
total activity, or 20% by weight was collected by acetone
precipitation of the ammonium sulfate precipitate.
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( Starting material was 100 g of dry intact bird's nest. One unit was
arbitrarily defined as 100% increase of H-TdR incorporation over
optimal Con A stimulation when the concentration of SN was 100
ugml,the potentiation effect is not necessarily linear.)
Relative potency of the different fractions is represented in
this order; Ammonium Sulfate Precipitate Ammonium Sulfate
Precipitate, again Acetone Precipitate Acetone Precipitate total
Water Extract Acetone Precipitate of second extraction recovered
from debris. Most experiments were performed with SN-N3, the acetone
precipitate, except otherwise stated.
2) i] Mitogenic Effect of SN on Human PBL
Figure 1 showed the mitogenic effect of SN which could induce
a 100% increase in proliferation of human PBL at 60- 100 ugml. The
mitogenic effect increased linearly to 5 fold in acetone ppt.(SN-N3),
to 8 fold in ammonium ppt.(SN-N5) with higher concentrations up to a
maximum of 500ugml.
ii] Co-mitogenic Effect on Human PBL
As shown in Figure 2, the co-mi togenic effects of SN-N3 were
manifested in 3 different mitogens viz. Concanavalin A (Con A),
Phytohaemagglutinin (PHA) and Pokeweed Mitogen (PWM). As the
concentrations of SN were increased, the slope of each lectin was
different, indicating different extent of lectin-induced blastogenesis
but the potentiation was a common effect.
3) Effect of SN-N3 on the Time Course of Potentiation of the Lectin-
induced Lymphoproliteration
As shown in Figure 3, the co-mitogenic effect of SN-N3 on
Figure 1.
Mitogenic Effects of SN-N3 and SN-N5 in Human PBL
(SN-N3: acetone ppt. SN-N5: ammonium sulfate ppt.)
Co-Mitogenic Effects of SN-N3 in Human PBL
Mar. I, (988
SN'A3 Vofjjlml







Effect of SN-N3 on the Time Course of Potentiation of the
Lectin-induced Lymphoproliferation
human PBL was only fully developed after 3 days of incubation. This
coincided with the Con A induced blastogenesis but the mitogenic
effect of SN-N3 on PBL was only evident after 4 days of incubation.
4) Mitogenic and Co-mitogenic Effects of SN on Mouse Splenocytes
Figure 4 showed a pronounced mitogenic effect of SN on mouse
splenocytes culture. At 200 ugml there was a 12 fold increase in
lymphoproliteration above the basal value. This was much stronger than
in human PBL.
Like PBL, the potentiation effect of SN-N3 on Con A-induced
blastogenesis was also observed in mouse splenocytes. Maximum
potentiation was seen at a SN concentration of 100 ugml. At this
optimal SN concentration, it was found that the 3H-TdR incorporation
of mouse splenocytes in the presence of Con A and SN was ~80% higher
than the summation of the incorporations in the presence of Con A or
SN alone. These data, when taken together, indicate that SN exhibited
a synergistic effect with Con A on lymphocyte proliferation.
5) Protein and Carbohydrate Contents
SN-N3 contained 18% of protein and 3.66% of carbohydrate.
Results from other samples are presented in Table III for comparison.
6) Salt Contents
The total aqueous crude extract contained about 25% by weight
of sodium salt (NaCl equivalent). Potassium salt was presented only in
trace amount.
Figure 4.
Mitogenic and Co-Mitogenic Effects of SN-N3 in Mous
Splenocytes



































(Carbohydrate contents were determined by Anthrone Method and read at
630 nm. Protein contents were determined by Folin-Lovry protein assay
and read at 750 nm using BSA as a standard except SN-N3.)
D) Discussion
Hitogenic and co-mitogenic substances from SN may be large
molecules because they could be precipitated by salt (ammonium
sulfate) or organic solvent (acetone). However, since only 56-62% of
the total activity was recovered as they were precipitated by 40%
ammonium sulfate or 66% acetone, their molecular size may not be very
large. This was confirmed by results from molecular sieving
chromatography. In Sephadex-200 column, the first 2 peaks were active
but the second peak was more active. Since the first peak was the void
volume, and the exclusion limit of G-200 is 5-6x10. The active
principle should contain molecules at the order of 5x10 dalton.
Previous experiment (Ng et al., 1986)showed that the activity.
could not be extracted by ether so it was not a lipidic substance.
Both the acetone ppt., ammonium sulfate ppt. as well as the aqueous
extracts of SN showed mitogenic and co-mitogenic effects on human PBL
and mouse splenocyte cultures. The co-mitogenic effect was observed
with 3 different lectins on PBL, suggesting a common physiological
Drocess was involved.
Limited mitogenic effect in both samples (N-3, N-5) with PBL
and mouse splenocyte cultures were shown up to a maximum of 500 ugml
in a slow but linear response. Higher dose was not applicable because
of the limiting condition in the well. Mitogenic activity with pure
samples remains to be tested.
III. CHARACTERISATION
A) Introduction
Having demonstrated the co-mitogenic activity of SN, it is
necessary to investigate the chemical composition and other physical
parameters of the active principle. This will determine the strategy
of purification and eventually studies on the mechanism of action. It
may be useful to compare the chemistry and biological effect of SN
with known mitogen and co-mitogen. Mitogens can be lectins (Con A,
PHA), proteins (EGF) or lipopolysaccharide (LPS). Co-mitogens can be
steroids (Cortisol), proteins (insulin) or as simple as calcium ion.
Before a pure active principle could be obtained, efforts were made to
characterise the crude extract in order to gain more insight in its
chemical nature.
The sample SN-B4 used in thermal inactivation was prepared
from Borneo black nests and it contained a lot of bacteria (Table IV).
The resistance to heating (Fig.7) may imply that the co-mitogenic
activity may reside in lipopolysaccharide (LPS) of bacterial origin.
This experiment plus irradiation and HTP elution profile led to the
polymyxin-B experiment in an attempt to prove that the co-mitogenic
activity of SN was not due to LPS contamination.
B) Materials and Methods
1) Trypsinisation
Trypsin (Sigma) and Trypsin Inhibitor (Sigma) were dissolved
in PBS. 0.5 ml SN-N3 (800 ugml) was treated with 0.25 ml of 1%, 0.5%
and 0.1% trypsin solutions (SN:Trypsin=2:l vv) for 90 minutes at 37°
O
C. The mixtures were heated at 80 C for 10 minutes. Trypsin Inhibitor
(0.25 ml) at concentrations of 0.29%, 0.14%, 0.029% was added
(Trypsin:Trypsin Inhibitor=3.5:l ww).
According to the supplier, 1.0 mg of trypsin inhibitor
inhibits the activity of 3.5 mg trypsin.
2) Thermal Inactivation
SN-N3 was dissoved in PBS and heated at 80° C for 10 minutes
O
and again heated at 100 C for another 10 minutes in a thermostatic
water bath. Ql, Q2, and Q3 were samples of SN from another batch, B4.
They were heated at 40-60° C, 60-80° C, 80-100 C for 15 minutes
respectively and lyophilised. Hitogenic activity was determined by
cell culture.
3) Gamma-Irradiation
SN-B4 was irradiated with 100,000 to 2,500,000 rads by £-ray
as arranged by The Research Institute of Pharmaceutical Industry in
Guangzhou.
Bacterial count was performed by the Pathological Institute at
Kowloon Hospital of the Medical Health Department and confirmed
independently by the Research Institute of Pharmaceutical Industry.
4) Hydroxylapatite Chromatography
i) Experiment 1. SN-N3 34mg12ml on HTP Columr
Bio-gel Hydroxylapatite was packed into 1.2 x 20 cm column and
equilibrated in 5 mM sodium phosphate buffer (pH 6.8). The lyophilized
acetone precipitate of SN was dissolved in the starting buffer.
Undissolved material was removed by centrifugation. The supernate was
applied to the column which was maintaining a flow rate of 8 ml per
hour. Firstly the column was eluted with low concentration (5 mM) of
sodium phosphate buffer until the first peak came out. Then the buffer
concentration was increased to 100 mM until the second peak came out.
Finally the column was eluted with 400 mM sodium phosphate and a small
peak was obtained. The fractions collected were checked by measuring
their absorbance at 280 nm and their carbohydrate content was measured
at 595 nm. HTP-H2 sample was re-run on the HTP column with a linear
gradient (5.0- 130 mM). Pooled fractions were lyophilized and tested
for co-mitoqenic activity using bioassays.
ii) Experiment 2. SN-S1 60mg10ml on HTP Column
SN-S1, another batch of SN, was applied to HTP column under
the same condition and maintaining a flow rate of 24ml per hour. The
column was eluted with increasing buffer concentrations from 5 mM, 5-
50 mM in a linear gradient and then steps to 100 mM and 400 mM.
iii) Experiment 3. SN-B4 60mg10ml on HTP Column
SN B4 was applied to HTP column in the same manner as the
second HTP experiment but with uninterrupted sampling.
C) Results
1) Effect of Trypsinisation
Under conditions of 0.03% trypsin where Con A activity was not
affected by trypsinisation, there was already a 36% reduction in the
ootentiation activitv of SN (Ficr.5).
This experiment proved that the co-mitogenic substance was a
protein susceptible to trypsin degradation. This was not the same for
the mitogenic effect, although at such low level, the difference
(reduction) may not be significant.
2) Thermal Stability
SN-N3 potentiation was reduced by 20% after heating at 80 C
for 10 minutes, and by 30% after further heating at 100 C for 10
minutes (Fiq.6).
Heating a dilute solution of SN at sub-boiling (80 C)
temperature could not substantially inactivate the co-mitogenic effect
and there was no great difference even when it was exposed to 100 C
(without boiling) as shown in Figure 7.
Figure 5.
Potentiation Effect of SN-N3 after Trypsinisation
Figure 6.
Effect of SN-N3 on Thermal Inactivation on Potentiation
Effect by Consecutive Heating.
Figure 7.
Dose Response of Potentiation Effect after Thermal Inactivation
3) Radiation Resistance
As shown in Figure 8, tf-irradiation of dry SN powder (B4) at a
maximum of 2,500,000 rads did not affect the co-mitogenic activity.
Under these conditions the bacteria were totally destroyed (Table IV)
and the SN powder turned yellow. But the elution profile (on HTP) was
not changed at all (results not shown) in both the irradiated and
control samples. In Table IV, radiation effect on bacteria number and
co-mitogenic activity of SN-B4 is presented.
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[ Samples were irradiated with °Co T-ray in dry state. Co-mitogenic
activity was measured in human PEL at 200 ugml. of SN-B4 with 0.5
ugml Con A as control (100%).
NT: Not tested
This result was from a previous experiment (Sep. 28, 1987,
result not shown) using untreated SN-B4 (300 ugml) with 0.5 ugml Con
A on human PBL( 1.2 x 10bml).]
Figure 8.
Effect of SN-B4 on Radiation Resistance at Increasing
Radiation Level
4) Effects on HTP column
i) Experiment 1.
Figure 9 showed the elution profile of SN-N3 on HTP column.
Under conditions where protein peaks were well resolved in HTP column,
the co-raitogenic activity was associated with more than 1 peak (Fig.
10). Whereas the highest activity was found with the 400mM eluate
(H3), it was also associated with the down slope of the 100 mM eluate
(H2-B3)
ii) Experiment 2.
SN-S1, another batch of SN, was also applied to HTP column and
6 consecutive fractions (Fig. 11) were collected for bioassay. As
shown in Fig. 12, the last 2 fractions were most active indicating
that the activity wTas retained tightly on column but not concentrated
into 1 particular fraction. Although fraction 6 was the most active,
only trace amount of the sample was recovered here.
iii) Experiment 3.
Two active peaks (8H-5, 8H-3) (Fig.14) of similar potency from
SN-B4 on HTP column was resolved at two quite different eluant ionic
strength as shown in Figure 13. In the bioassays of these fractions,
co-mitogenic activity was not associated with protein species that
could be resolved by HTP column.
Column bio-keA (riff














Elution Profile of SN-N3 on HTP Column by Step Gradient.
Fraction H2 was pooled, dried and re-run on the same column
with-a linear gradient.
Figure 10.
Co Mitogenic Effects of Different Fractions of SN-N3 on HTP Column
Figure 11.
Elution Profile of SN-S1 on HTP Column with Mid-range Linear
Gradient and Continuous Fractional Collection.
Concentration of SN-S1 HTP (5H)
Figure 12.
Co-mitogenic Effect of HTP Fraction Eluates by Step
and Mid-range Linear Gradient
Figure 13...
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Figure 14.
Co-mitogenic Effect of SN-B4 Fractions eluted from
HTP Column by Step and Mid-range Linear Gradient
D) Discussion
Trypsin is a specific endoprotease that splits peptide bonds
on the carboxyl side of lysine and arginine residues only. After
trypsin treatment, a 36% reduction of the potentiation effect may
imply a partial degradation of the primary sequence in some proteins
responsible for the co-mitogenic activity. These results indicated
that the co-mitogenic principle is probably a protein. It is more
sensitive to trypsin digestion than Con A.
Mitogenic and co-mitogenic substances from SN-N3, SN-B4 were
quite heat stable. This implied that the traditional double-boil
method of bird's nest preparation may retain a good part of the co-
mitogenic activity by oral consumption. Heating will make the cL-helix
structure collapsed. Resistance to heating means that the molecule has
a very rigid conformation with a lot of disulfide bonds or stabilised
by carbohydrate attachments.
Radiation can break the primary sequence, denature some side
chains or functional groups of the amino acids or carbohydrates, but
it cannot change the molecular conformation, especially when it is
very rigid. Since 2,500,000 rads could totally destroy the bacteria
(DNA), the co-mitogenic activity was reduced by only 13%. The
conformation of the active principle is probably a complex
glycoprotein of a very conservative nature.
Ck-3hymotrypsin is also very resistant to radiation up to
5,000,000 rads which hardly changed the enzyme activity and molecular
conformation( Okada, 1970).
Under conditions where protein peaks were well resolved in HTP
column, the co-mitogenic activity was associated with more than 1
peak. It suggests that the active principle is a heterogeneous
population of molecules in conformation not recognized by
hydroxylapatite. Since the active peak was not associated with a
distinct protein peak, it suggested that the active principle is not a
compact and regularly shaped protein.
IV. MECHANISTIC STUDIES
A) Introduction
It is generally accepted that mitogens such as PHA act by
binding to the cell surface. Cytological techniques using fluorescein-
conjugated (Michalowski et al., 1964, Razavi, 1966.) or radio-labeled
PHA (Rieke, 1965., Stanley et al.,1971.) or indirect techniques using
conjugated antisera to PHA (Michalowski, 1965.) have been employed to
determine the intracellular localisation of the PHA. Most workers
agreed that labeled material appeared very rapidly in the cytoplasm of
the cell or in the nucleolus (Michalowski et al., 1964., Stanley et
al., 1971.) or next to the cytoplasmic membrane (Rieke, 1965.)
All these observations, as well as the fact that the mitogenic
action of PHA can be stopped by the addition of anti-PHA antibody,
which presumably acts at the cell surface, provide very strong
evidence that the initiatory event of activation occurs at the cell
surface.
The length of time that lymphocytes have to be in contact with
mitogen for subsequent blastogenesis to occur has been extensively
studied. The usual approach involves washing the lymphocytes free from
PHA after various times and measuring the subsequent activation.
Results varying from maximal activation after 5 minutes exposure to
PHA (Richter et al., 1966) to little or no activation following
incubation with PHA for as long as 12 or 24 hours (Tormey, 1965;
Yamamoto, 1966) have been reported. It probably reflects the
difficulties involved in effectively removing the mitogen without
damaging the cells.
Although binding of mitogen such as PHA to the lymphocyte
membrane occurs rapidly, being completed within 2 hours (Kay, 1969,
1971) its presence on the cells is required for much longer periods in
order for the population to reach maximal mitotic activity. It was
reported that exposure of the cells to Con A for periods of even 19-20
hours did not appear to commit the cells irrevocably to incorporate
thymidine (see result in Fig.3).
Changes in the biochemistry and physiology of the cell
membrane occur soon after stimulation with Con A or other mitogen. A
marked acceleration of the transport of low molecular weight
substances across the cell membrane occurs in lymphocytes soon after
the addition of mitogen. Ions such as K (Quastel et al., 1970) or Ca
(Allwood et al., 1971) have been shown to enter the cells very rapidly
and an increased efflux of Na+ has been reported (Dent, 1971).
The extracellular Ca requirement for the proliferation of
non-neoplastic cells can be demonstrated in various ways (Boynton et
al., 1982, 1984). Recently, it has become clear that the cyclic
nucleotide, together with Ca and the intracellular receptor and
multipurpose enzyme activator calmodulin, functions briefly in the
late prereplicative development to trigger events leading to the
initiation of DNA synthesis (Boynton et al., 1983).
Ca, like cyclic AMP, triggers or is otherwise necessary for
many cellular functions. The steep Ca gradient across the plasma
membrane (10 M outside, about 10 M inside), which the cell spends
considerable energy to maintain, can be used to transmit signals and
trigger various activities. Thus, internal Ca surge contracted
muscles (Ebashi, 1980), released neurotransmitters (Greengard, 1978),
triggered secretion (Rubin, 1982), activated eggs (Gwatkin, 1977), and
may mediate the stimulation of quiescent BALBc 3T3 mouse cells by the
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It is well established that RNA synthesis increases following
lymphocyte activation (Ling, 19G8; Cooper, 1970).Also lymphocytes when
incubated with various mitogens increase their rate of synthesis of
protein (Sell etjal., 1965; Kay, 1968).
Generally, natural products of animal origin contain bacteria.
LPS of the cell envelope of gram negative bacteria has a spectrum of
biological effects for mouse B cells (Gery et al., 1972) ana
stimulates a polyclonal antibody response in these cells by initiating
synthesis and secretion of Ig M antibody (Andersson, 1972). So it is
necessary to prove whether SN is LPS or SN contains LPS so that
potentiation effects on human PEL and mouse splenocytes came from LPS
instead of some endogenous substances in SN.
B) Materials and Methods
1) Effect of Lipopolysaccharide (LPS) on Blastogenesis
LPS from JE. coli (Sigma) was dissolved in PBS. Mitogenic and
co-mitogenic effects were determined by cell culture as described
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SN-N3 and LPS were treated with different doses of polymyxin-B
sulfate (Sigma) [7900 Unitsmg] and incubated at room temperature for
1 hour and the resultant mitogenic or co-mitogenic activity assay was
then subject to cell culture.
2) Assay of IL-2-like Activity
The biological activity of IL-2 like substance produced from
human PEL and mouse splenocytes was determined by the growth promoting
effect on an IL-2 dependent mouse blast cells according to Lafferty et
alw (1980).
Con A blasts were prepared from a 3 day cell culture of 1.0x10
BALBc splenocytes in 10 ml culture medium, 1.0 ugml Con A and 5.0x10
mole of 2-mercaptoethanol in a 25 cm culture flask. Con A blasts were
washed three times with plain RPMI medium to remove any residual Con
A. Viable Con A blast cells were resuspended at a concentration of
4.0x10 ml. 50 ul of the blast cells were transferred into each well
of a 9G-wells culture plate. Then 50 ul aliquots of IL-2 samples were
added in order of 2 fold serial dilutions. The cells were grown in a
COa. incubator for 24 hours and labeled by adding 0.5 uCi [methyl-
3H]thymidine per well for 5 hours. The cells were harvested onto glass
fiber filter strips and the amount of incorporated 3H-TdR was measured
by liquid scintillation counter.
i) Preparation of Human IL-2 Samples
Human PBL( 1.0x10ml) were incubated withwithout Con A.
(lugml), and 50 ugml of SN-N3 at 37°C for 6 hours. The cells were
washed 3 times to remove any unbound Con A andor SN-N3 and
resuspended in culture medium at 2.0xl0bml. The cells were seeded
into 24 wells culture plate and incubated at 37°C for 24 hours. The
supernate was collected by centrifugation.
ii) Preparation of Mouse IL-2 Samples
Mouse splenocytes (1.0x10 ml) were incubated withwithout Con
A (5 ugml), and SN-B16 (50 ugml)for 6 hours. The cells were washed 3
times and resuspended at l.OxlOml. The cells were seeded into 24
wells culture plate and incubated at 37 C for 24 hrs. The supernate
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3) Effect of Hydrocortisone on Lymphocyte Activation
Hydrocortisone sodium succinate (Solu-Cortef, Upjohn) was
first dissolved in the buffer provided by manufacturer and then
further diluted with PBS. Human PBL( 100 ul) seeded into each well
were preincubated at 0.1, 0.5 and 5.0 ngml concentration of
hydrocortisone for 4 hours in a COg. incubator. 50ul of Con Aor medium
and 50ul of SN-N3or PBS were added. The mixtures were incubated for 3
days and pulsed, harvested and counted.
C) Results
1) Effects of LPS on Human PBL and Mouse Splenocyte
As shown in Figure 15, the experiment first established that
LPS was not active on human PBL and it could not potentiate Con A-
induced blastogenesis in PBL. But the same LPS preparation was active
with mouse splenocytes as shown in Figure 16. It had shown both
mitogenic effect per se and co-mitogenic effect with Con A.
Figure 17 showed that at 10 ugml polymyxin-B could neutralise
the stimulatory effect of LPS and the potentiation effect of LPS+ Con
Figure 15.
Absence of Stimulating Effect of LPS in Humal PBL Culture
Figure 16.
Mitogenic and Co-mitogenic Effect of LPS in Mouse
Splenocyte Culture
Figure 17.
Effect of Different Doses of Polymyxin-B on LPS and SN-N3
Potentiation
A. At 10 ugml polymyxin-B could only affect Con A or SN activity
slightly. This concentration of polymyxin-B could reduce the
potentiation effect of Con A+ SN. Although the activity of Con A only
or SN only were also slightly affected, the reduced potentiation was
still above the additive value. The same was true for polymyxin-B at
50 ugml when LPS effect was totally neutralised.
2) Effect of SN on the Production of IL-2 like Activity from Con A-
stimulated House Splenocytes
IL-2 samples from Con A-stimulated mouse splenocytes supported
the growth of the IL-2 dependent mouse blast cells in a dose dependent
nanner (Fig. 18). However, under the same conditions, the human IL-2
samples were not active with mouse blast cells (results not shown).
Phis experiment showed that Con A induced the mouse splenocytes to
release a IL-2 like factor into the culture medium. The
productionsecretion of this active substance by mouse splenocytes was
enhanced by SN. The same situation with SN only was not so clear due
to low level of response.
3) Effect of Hydrocortisone on the Lymphocyte Activation
Hydrocortisone suppressed the co-mitogenic and mitogenic
effect of SN-N3 and Con A respectively in a concentration range of
0.5-5.0 ngml as shown in Figure 19. At a sub-physiological level (0.5
ngml) of hydrocortisone (normal range is 13 ugdl bound Cortisol in
human blood), there was a drastic decrease(- 60%) in H-TdR
incorporation, there was also a corresponding decrease in Con A
response alone(- 57.4%). But the relative potentiation effect is
Figure 18.
Effect of SN on the Production of IL-2-like Activity from
Con A-stimulated Mouse Splenocytes
Figure 19.
Inhibitory Effect of Hydrocortisone on Lymphocyte Activation
by Con ASN
reduced only slightly from 500% to 470%. This is good relationship
between the degree of blastogenesis and the level of hydrocortisone
which affects the physiological basis of mitosis( 3H-TdR
incorporation) but not the mechanism of potentiation between Con A and
SN.
D) Discussion
Interleukin-2 (T-cell growth factor) is a lymphokine
synthesized and secreted by some T-cells following activation with
antigens or mitogens (Morgan et al., 1976; Smith et al., 1984).
Activities of IL-2 include the following: stimulation of T-cell clones
for long term in_ vitro growth (Morgan et al., 1976; Gillis, 1977);
induction of cytotoxic T-cell reactivity (Gillis et al., 1979);
augmentation of natural killer cell activity; induction of inactive
lymphoid, cells into lymphokine activated killer cells; induction of
growth and differentiation of B-cells. The crude supernatant culture
medium of Con A-stimulated BALBc or C57BL6 spleen cells had been
shown to be an excellent source of immunoenhancing lymphokine
activities (Gillis, et al., 1978).
Mitogenic and co-mitogenic substances from SN might stimulate
the lymphoid cells to secrete soluble mediators. IL-2 is one class of
lymphokine that can promote the proliferation of mitogen-activated T
lymphocytes in vitro. But it was not known whether Con ASN had to act
on the cell nucleus or cell surface in order to trigger the release of
the active soluble mediators.
Hydrocortisone (HC), a natural glucocorticoid, and other
synthetic steroids, play an important role in the suppression of the
body's defence system by inhibition of the intracellular free Ca'
concentration (Zor, 1987). Whether the inhibitory effect of HC on the
co-mitogenic activity of SN may be related to the intracellular CaT
concentration increased by SN-N3 has yet to be determined.
V. EFFECTS OF SN ON OTHER TYPES OF CELLS AND ON BODY GROWTI
A) Introduction
Human tumors arise primarily in tissues which normally
proliferate by cell renewal mechanisms. Most agree that the normal
genome contains proto-oncogenes or cellular oncogenes with
considerable homology to the transforming oncogenes of retroviruses
fTermin. 1984).
The addition of brain or pituitary fibroblast growth facto]
(FGF) to resting populations of BALBc 3T3 cells results in thf
initiation of DNA Synthesis (Gcspodarowicz, 1974).
A great deal of cell proliferation and cell differentiatioi
takes place in the tissue and organs of the developing animal.
The present experiment was carried out to investigate how
mitogenic and co-mitogenic activity of SN works in a normal state of
body growth or in an abnormal situation with cancer cells.
B) Materials and Methods
1) Effects of SN-N3 on Cultured EAT Cells
i) Effect of SN-N3 on the Viability of Cultured EAT Cells
EAT (Ehrlich's Ascites Tumour) cells 6.0x10 in 50ul RPMI 1640
culture medium were added to each well of a 96-wells plate. SN-N3 was
dissolved in PBS and then 50ul of SN was also added to the wells. The
plate was incubated for 18 hrs in a CO2. incubator. Trypan blue (0.3%)
50ul was added to each well and the number of viable EAT cells was
counted by a haemocytometer.
ii) Effect of SN-N3 on Thymidine Incorporation in Cultured EAT Cells
EAT cells (1.1x10) in lOOul RPMI 1640 culture medium were
seeded into 96-wells plate. SN-N3 was dissolved in PBS and filtered
through Millipore (0.45um) filter and then added to the culture. The
cultures were incubated in CO2. incubator for 2 days and pulsed,
harvested and counted by liquid scintillation counter.
2) Effects of SN on the Growth of Cultured 3T3 cells
i) effect of SN-N3 on the Growth of Cultured 3T3 Cells
3T3 cells 5.0x10 in 0.5ml DMEM (DULEBCCO'S MODIFIED EAGLE'S
MEDIUM) supplemented with 10% FCS, 20mM HEPES were added to 24 wells
multidish and incubated at 37°C for 24 hours. On the next day, the
culture medium was changed to 0.5ml of DMEM supplemented with 0.1%
Calf Serum (CS) and then incubated for another 2 days. Then the medium
was removed and SN dissolved in 0.5 ml of DMEM with 0.1% CS was added
and incubated for 1 day and then 0.5 uCi [methyl- H]thymidine was
added to each well. The cells were labeled for 5 hours and harvested.
The radioactivity in the cold trichloroacetic acid (TCA) precipitates
was counted.
ii) Combined Effect of SN and EGF on the Growth of 3T3 Cells
Epidermal growth factor (EGF) [Collaborative Research Inc.]
from mouse submaxillary glands was dissolved in sterile distilled
water and diluted with DMEM supplemented with 0.5% CS. The mixtures
(EGF 0.25 ml and SN 0.25 ml) were incubated with monolayers of 3T3
cells for 1 day and labeled with [methyl-3H]thymidine for 5 hours.
Incorporation was expressed in total cpmwell.
3) Effect of SN on Whole Animal
20 male rats 26-28-days-old were supplied by the University
Animal House. They were divided into two groups each containing 10
animals. Each of them was numbered. SN9.2 and Figure Rite (a chocolate
flavoured dietary food from the Roots Company [Australia] Pty.Ltd.)
were formulated with distilled water and administered intragastrically
to the two groups of rats respectively for 3 months. They were dosed
on every Monday, Wednesday and Friday, and their body weights were
tun Hocjinc: nf SN TTR r-hnrrpv1! pvprv mnnt-h as f nl 1 nus!




The rats were sacrificed at the end of the 3 months. Their body
weights were again recorded and their internal organs were' also
excised, cleared and weighed. These data were plotted and compared..
CA RESULTS
1) Effects of SN on the Cultured EAT Cells
As shown in Figure 20, there was no detectable reduction in
the EAT cell viability at 50 ugml, whereas at the same dose level a
70% decrease in thymidine-incorporation (Fig. 21) was observed,
indicating that SN turns off DNA synthesis in EAT cells. Although SN
was mitogenic for human PBL and mouse splenocytes, it inhibited
thymidine-incorporation in EAT cells in a dose-dependent manner as
shown in Figure 21.
2) Effects of SN on the Growth of Cultured 3T3 Cells
SN-N3 per se had some mitogenic effect on 3T3 cells as shown
in Figure 22. Figure 23 showed that SN had some additive effect with
EGF on the jji vitro proliferation of 3T3 cells but it was not dose
dependent.
3) Effects of SN9.2 in Whole Animal
As shown in Figure 24, body weight of rats administered with
SN was increased over control significantly. But at the same time, the
weight of their internal organs reduced slightly except the prostate,
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Figure 20.
Effect of SN-N3 on the Viability of Cultured EAT Cells.
Figure 21.
Effect of SN-N3 on Thymidine Incorporation in Cultured EAT Cells
Figure 22.
Effect of SN-N3 on the Growth of Cultured 3T3 Cells
Figure 23.
Combined Effect of SN and EGF on the Growth of 3T3 Cells
Figure 24.
Effect of SN9.2 on the Growth of Rats
Figure 25.
Effect of SN9.2 on the Weight of the Internal Organs of the Rats
D) Discussion
The edible bird's nest like other traditional Chinese
medicine, is a natural product to be taken orally for reputed
medicinal benefits. For the bird' nest, this benefit is growth
promotion. Previous and present studies have afforded evidence that SN
can potentiate Con A induced blastogenesis. Given that there is a host
of indigenous growth factors inside the body, it would be reasonable
to envisage that SN can enhance the stimulating activity of these
growth factors with subsequent benefits in tissue regeneration or
extension of cell life. This hypothesis would be valid if oral
consumption of SN will allow it to get through the gut barrier and
remains intact for a sufficiently long time in circulation.
However, the immediate implication of this hypothesis is
whether SN also promotes cancer growth where metaplastic cells are
already dividing unchecked. The question was adequately answered by
result from 2 transformed cell lines. Firstly in EAT cells which are
exfoliative, SN turned off DNA synthesis long before cell viability
was affected. Secondly in 3T3 fibroblast cell culture where there was
confluence inhibition, SN showed limited mitogenic effect but no
potentiation with EGF, the standard growth stimulator for this cell
line. So the picture begins to reveal itself. SN does not simply
turn on DNA synthesis leading eventually to mitosis. SN modulates
DNA synthesis such that unchecked duplication can be turned off just
like down regulation of receptors at the membrane level.
The mechanism of turn-on and turn-off is not clear from the
present study, but it offers the possibility to look into
blastogenesis and metaplasia in terms of modulating DNA
synthesis.
The whole animal experiments are not conclusive. But
then the bird' nest is good for children not thriving, not for
healthy children growing normally. So perhaps it is necessary to
re-test this in an appropriate animal model when growth is
restrictedretarded by factors other than the ample supply of
nutrients.
On the whole, these growth experiments seem to lend
further support to a rational growth promoting property from the
user's point of view.
VI. GENERAL DISCUSSION
Since the discovery that the edible birdfs nest contains a co-
mitogen, the first question that follows immediately is whether this
is an inherent property common to all swiftlet's nest. Experimental
data presented in this thesis did confirm that nests from all
available sources, irrespective of their market value and commercial
appeal, contain a potent co-mitogenic factor. This conclusion can be
extended to its close congener, the Apus spp. which provided nests for
the same medicinal purpose, although not quite palatable as the common
Collocalia nests. On top of this, a weak but nevertheless demonstrable
mitogenic activity was also present, it could induce
lymphoproliferation per se.
At the present stage of investigation, it is not possible to
tell whether the two factors (mitogenic and co-mitogenic) are actually
referring to the same molecule. The problem is that the aqueous
extract defies all common modes of chromatographic separation, e.g.
gel filtration and ion-exchange cellulose. When as a last resort,
hydroxylapatite column was attempted and the protein peaks were well
resolved, the co-mitogenic activity was spread through different
fractions, this plus the very low measurable protein content strongly
indicates that the active principle may be a heterogeneous group of
complex glycoproteins. This observation was borne out by the very high
thermal stability and radiation resistance vis-a-vis the co-mitogenic
«
activity. Since there are difficulties barring further purification,
attempts were made to gain more insight onto the action mechanism of
potentiation.
These efforts were duly rewarded as preliminary results showed
that potentiation may reside in the increased productionsecretion of
a mitogenic substance. This may not be exactly a kind of lymphokine,
but the fact that under the action of SN, potentiation of Con A
induced blastogenesis was quantitatively linked to the increased
release of an active mitogen strongly advocated for the rationale of
consuming the bird's nest to promote growth and tissue repair. The
inhibition by hydrocortisone further strengthened this working
hypothesis; it clearly indicated that potentiation of blastogenesis is
a calcium dependent process.
The ensemble of these data permits the following conclusion:
the co-mitogenic activity in the bird's nest is a genuine property
inherent in the salivary product. How to exploit this biological
phenomenon for human welfare calls for more in-depth investigation at
the cellular and molecular level.
VII. SUMMARY
1. Ammonium sulfate precipitate and acetone precipitate of
aqueous extracts were shown to have mitogenic and co-mitogenic effect
in human PBL and mouse splenocyte cultures. Preliminary results from
gel filtration indicated that mitogenic and co-mitogenic substance of
SN may be quite large molecules.
2. SN-N3, the acetone precipitate, contained 18% of protein by
Bio-Rad protein assay and 3.66% of carbohydrate by Anthrone method.
3. Under conditions of 0.03% trypsin treatment where Con A
activity was not affected by trypsinisation, there was already a 36%
reduction in SN activity. It indicated that the active substance is
probably a protein.
4. Heating a solution of SN at 80°- 100° C could not
substantially inactivate the co-mitogenic effect, indicating that the
molecule has a very rigid conformation.
5. Gamma-irradiation of dry SN-B4 powder at a maximum of
2,500,000 rads could not affect co-mitogenic activity, under these
conditions bacteria were totally destroyed.
6. Active substance of different SN samples were retained
tightly on HTP column but not concentrated into 1 particular fraction,
it suggested that the active principle is not a compact and regularly
shaped protein.
7. LPS vas not active in human PEL and it could not potentiate
Con A blastogenesis in PEL but the same LPS vas active with mouse
splenocytes, indicating that potentiation effects in human PEL did not
come from LPS but from some endogenous substances in SN.
8. In assay of mitogenic effect of interleukin-2 like activity
released by mouse splenocytes after Con ASN treatment, ILr2 samples
from mouse splenocytes activated the mouse blast cells in a dose
dependent manner. This result shows that SN enhanced the production of
this active substance.
9. Hydrocortisone suppressed the mitogenic and co-mitogenic
effect of SN-N3. There was a relationship between the degree of
blastogenesis and the level of hydrocortisone inhibition.
10. Whereas SN was mitogenic with human PEL and mouse
splenocytes, it inhibited thymidine incorporation in EAT cells at low
dose and reduced the viability in EAT cell culture at high dose.
11. SN-N3 per se had some mitogenic effect and additive effect
with EGF in 3T3 cell culture.
12. The body weight of rats was increased by SN treatment
significantly and the weight of the prostate, seminal vesicle and
adrenal glands were increased and as was the number of lymphocyte.
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APPENDIX
Mitogenic and Co-mitogenic Effects of the Swiftlet's Nest (Apus
spp.) Collected from Huai-ji, Guangdong, China.
INTRODUCTION
The edible bird's nest is the solidified saliva of the sea-
swiftlet from South East Asia. Preliminary reports showed that
the edible bird's nest contains epidermal growth factor and a co-
mitogen (Ng, et al, 1986; Kong, et al, 1987). The latter was a
novel observation of a hitherto unknown biological effect of
salivary products. Further studies on this co-mitogen are
presented in this thesis. This appendix concerns the discovery
of this co-mitogenic and mitogenic effect in yet another genus,
Apus, of the same family, Apodidae, Apodiformes.
The distribution of Co 11ocalia spp. spreads over a large
area of the old world. Chinese medical literature indicated that
nests of Co 11ocalia found in South Western China deep inland
towards Yun-nam and Tibet provinces are also used as medicine.
It may not be far wrong to say that before the edible bird's
nests were imported from South East Asia, Chinese people on the
coast had long learned the benefit of the edible bird's nest. It
is only after the local supplies along the coast had exhausted
that they turned to import materials from the south seas. An
alternative would be to seek replacements of closely related
materials. Indeed, as early as the Tang dynasty and as late as
the Ching dynasty, there were references indicating that a
certain stone or cave swallow was good to promote growth in
children, the most outstanding biological effect of the bird's
nest. This stone swallow is to-day identified to be species of
the Apus genus from the same family, Apodidae. As a matter of
fact, it is even difficult for the ornithologists to distinguish
between Apus and Co 11ocalia. It would not be surprising to find
that nests of the Apus spp. found in the interior of China
mainland may also contain active principles like the nests of
Col 1ocalia. The present study aims at providing data to prove
this point. It forms the early part of this graduate study
programme. It is now accepted for publication (Kong, et al,
1988.)
MATERIALS and METHODS
In Huai-i i prefecture, Guangdong province, there is a huge
80 m high lime stone cave situated in a typical Karts terrain.
Every year around Ching Ming (usually April), thousands of
swiftlets arrived and inhabited the steep clive surfaces inside
the cave. Local inhabitants have long utilised the birds for
various economic reasons, amongst which is the collection of the
nests for medicinal purpose. It is said to promote growth in
children not thriving well. The medicinal part is the small
piece of gelatinous material in forms of a yellow flake after
removing the debris. Materials for laboratory investigation were
collected in April 1985, and again the same time next year.
Several batches were 'later purchased from the locals and all
found to have the same biological effects described below. The
birds were identified to be Apus affinis Blyth by Prof. Zhou Yu-
huen, of the Zhongshan University, Guangzhou.
The nests were extracted as described in the main part of
this thesis for treating the edible bird's nest (SN). The total
aqueous crude extract amounted to 7-8% by weight which contains
protein (30%), sugar (5%) and amino sugar (12%) (data from Mrs.
Tang). Chromatography with Sephacry1-200 Superfine (S-200) and




The total crude extract at low concentration (5 ug dry
wt.ml) had no mitogenic effect. At doses above this level, some
cytotoxic effect was observed under the microscope.
The total crude extract was loaded on a Sephacry1-200
column. Most of the protein was eluted with the void volume.
Two large A280 peaks that were retained on the column were low in
protein content. The protein peaks were collected, pooled and
lyophylised to become S-200 I+ II. The latter showed
significant mitogenic activity per se. At a dose of protein
content of 40-100 ugml. 3H-thymidine incorporation increased by
3.5-10 fold. At doses above this level, 3H-thymidine
incorporation decreased rapidly, to even below the control level,
showing signs of cytotoxicity. The mitogenic effect revealed
itself after an initial lag dose range. It rose abruptly at 10-
20 ugml (calculated as protein content) and soon reached peak
value.
Co-mitogenic Activity
At low concentration of Con A, 3H-thymidine incorporation
increased linearly and rapidly with increasing Con A level.
After a maximal response at Con A 8 ugml, the response decreased
gradually reaching a nadir at 32 ugml. At maximal response, 3H-
thymidine incorporation is 50-fold above control.
S-200 I+ II showed co-mitogenic effect. Repeated
experiments showed that at a concentration of 15-20 ugml
(protein content), the dose response curve of Con A was displaced
to the left. At maximal response, the synergistic effect of Con
A plus S-200 I+ II can double the response of Con A per se, i.e.
at 100-fold of control.
The potentiation effect was particularly evident at low
concentrations of Con A with maximal synergistic effect at Con A
1 ugml. In some experiments, S-200 I+ II can protect the
lymphocytes against high concentration of Con A such that the
maximal response went beyond Con A 8 ugml.
The same cytotoxicity in the total crude extract was
observed in Con A experiments. After passing through S-200
column, only fractions pooled to become S-200 I.+ II were active.'
Other fractions retained on the column showed cytotoxicity
already at a dose (protein content) lower than those at which
S-200 I+ II were tested. This constituted the main difference
between extracts from Hua i -i i nests and those from Indonesia for
example (SN samples). Cytotoxicity was never observed at any
dose level in the latter. Whether this cytotoxicity is
contaminant from debris in nest or an inherent part of the saliva
from Apus spp. remains to be investigated. Neither is it clear
at this stage if the mitogenic factor and the co-mitogenic
factors refer to the same molecule. The co-mitogenic activity
was heat stable (GO, 3 hrs.).
DISCUSSION
The edible bird's nest had been part of the paraphernalia in
traditional Chinese medicine for 4 centuries, but a rationale for
its use as tonic, if not a medicine, is still lacking. The
observation that a fairly stable (acid, alkali, heat and enzyme)
co-mitogenic factor was found in the bird's nest extract provided
for the first time scientific rationale for its use. Although
this observation still need confirmation in clinical conditions,
it might be fair to assume that, for the sake of discussion, the
beneficial effect of bird's nest resides in its growth promoting
activity. Under this premise, all available commercial sources
of nes-ts from South East Asian countries were examined and found
to contain the same co-mitogenic effect. Th i.s has clearly borne
out the assumption that one can reasonably ask for an accelerated
tissue repair and regeneration after consumption of the bird's
nest. An extrapolation of this premise is that if a bird's nest
shows co-mitogenic effect, can it be regarded categorically or
functionally equivalent to the edible bird's nest? The answer is
yes. Indeed, except for the presence of cytotoxicity in the
H u a i -ii nest, the mitogenic and co-mitogenic activity from both
materials behaved exactly the same under all experimental
conditions attempted. The purpose of this appendix is just to
document that the saliva (from the male birds) of the generii
Adus or Col 1ocalia contains a mitogenic factor and a co-mitogenic
factor that render them useful in traditional Chinese medicine.
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Figure 1.
Elution profile of HJ4.1 on Sephacryl S-200 column
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Figure 2.
Stimulatory effect of the protein fraction( S-200 I+II),
partially purified from the cave swiftlet's( Apus) nest
extract, on DNA synthesis in human lymphocyte.
Figure 3.
Synergistic effect of the protein fraction (S-200 I+II)
partially purified from the cave sviftet's (Apus) nest
extract, on DNA synthesisin human lymphocytes,
transformed by Con A.
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Figure 4
Synergistic effect of protein fraction( S-200 I+II) on Con A
stimulated DNA synthesis in human lymphocytes at low level of
Con A.


